Vineyard areas are important causes of water contamination, especially by pesticides 9 and residues. These compounds can markedly disturb aquatic communities particularly 10 photosynthetic organisms that are targeted by herbicides. Biofilms and diatoms were used as 11 bioindicators for quality assessment in the Morcille watershed, an area impacted by 12
Introduction 36
Aquatic life constitutes the ultimate indicator of conditions in aquatic systems, and 37 many studies undertaken to assess the degradation of habitats and water quality have been 38 based on key organisms (primary producers, benthic invertebrates and fishes). In particular, 39 to the rehabilitation of many impacted sites. In this context, growing interest is now given to 48 studying recovery trajectories and community resilience in aquatic environments. Due to their 49 key ecological role in streams and rivers, studying and understanding biofilm resilience is a 50 matter of importance. Since polluted sites are difficult to remediate and generally necessitate 51 long-term surveillance, the assessment of the consequences of site rehabilitation on periphytic 52 communities could be helped by rapid alternative methods. The use of translocation 53 approaches (from up-to downstream of a point source of contamination and vice-versa) has 54 thus been proposed to provide an in situ assessment of the impacts on un-exposed 55 microbenthic communities or of the resilience of chronically exposed communities after 56 mimicking a reduction of pollution pressure by biofilm translocation (Ivorra et al. 1999 ; 57
Tolcach and Gómez 2002; Dorigo et al, submitted). 58
Considering the lack of knowledge about the recovery trajectory of microbenthic 59 communities moved from contaminated sites, we propose here an in situ survey for studying 60 (photomicroscope Leica DMRB, Wetzlar, Germany) was then recorded as cells per unit area 137 of substrate (number of diatom cells/cm 2 ). Subsamples assigned to taxonomic analyses were 138 prepared according to Charles et al. (2002) , i.e. digestion in boiling hydrogen peroxide (30% 139 H 2 O 2 ) and hydrochloric acid (35%) followed by three cycles of centrifugation of the sample 140 and pellet rinsing with distilled water. After the last treatment, the pellet was once again 141 resuspended in distilled water, and the suspension deposited onto coverslips then mounted 142 onto slides after air drying, using the high refractive index (1.74) medium Naphrax (Brunel 143
Microscopes Ltd, UK). Diatom counts were conducted at a magnification of 1000x; 144 individual fields were scanned until at least 400 valves had been identified using taxonomic 145 
Data treatment 151
Biofilm characteristics and diatom index values were checked for normality and 152 variance equality before analyzing the dataset using one-way ANOVA with STATISTICA 153 software (v. 5.1, StatSoft, 1998). After having completed ANOVA, Tukey's post hoc tests 154 were performed in order to determine which groups of data significantly differed from each 155 other. 156
Non-metric multi-dimensional scaling (NMDS), an indirect ordination method based 157 on the dissimilarities in species community structure of the samples, was performed using the 158 labdsv package (http://ecology.msu.montana.edu/labdsv/R/labdsv) for the R statistical 159 environment (Ihaka and Gentleman 1996). 160
Results 162
Physical and chemical characteristics of the sites (table 1) Recovery potential of periphytic communities in a river impacted by a vineyard watershed. Morin, S. etal. 2010. Ecological Indicators, vol. 10, n° 2. p. 419-426. http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6W87-4X30C60-1&_user=5403746&_rdoc=1&_fmt=&_orig=search&_sort=d&_docan
River with 14.1 down to 6.2% of species sensitive to trophic conditions and 8.9 to 16.4% of 237 meso-to polysaprobous species between up-and downstream. In the present context of 238 multi-contamination (nutrients and chemicals increasing simultaneously along the gradient) of 239 the Morcille River, it is difficult to determine whether the changes in periphytic community 240 structure are due to effects of pesticides or to other factors like organic or inorganic nutrients. 241
Indeed, Dorigo et al. (2007) were unable to unambiguously distinguish between the effects of 242 nutrients and xenobiotics on the community structure of both prokaryotic and eukaryotic 243 microorganisms in biofilms. The shift in community structure they observed was concomitant 244
with an increased diuron-induced tolerance, revealing that pesticide contamination was 245 probably a major driving factor. In the present study, we prove that the BDI was able to 246 demonstrate the specific effects of increasing trophic status along the gradient, whereas it was 247 almost impossible for Dorigo to unequivocally explain the changes in microbial assemblages 248 using non-taxonomic methods. 249
Complementary ecological information was obtained by a precise study of diatom species. Other characteristics of diatom communities like quantitative estimates (e.g. diatom cell 281 densities, AFDM or chlorophyll a as global indicators of periphytic biomass), the impacts of 282 the toxicants were underlined (see Figure 2 and Table 2 ). Finally, not only the thickness of 283 biofilm, but also its adhesion to the substrate, differed between the sites. When scraping the 284 glass slides, the biofilms from Les Versauds and Saint-Ennemond appeared to be much more 285 analysis on this particular site by the LDA also proved that a wider range of chemicals should 296 be tested to assess the diatoms exposure to the toxics. In particular, the high concentrations of 297 norflurazon desmethyl that were measured should be considered: no data are available in the 298 literature concerning its effect on biofilms, but its parent compound norflurazon has been 299 previously shown to affect the growth of freshwater benthic algal species (Blanck et al. 1984) . 300
For these reasons, we were not able to characterise precisely the real exposure of benthic 301 microorganisms. 302
However, the assemblages developed at Les Versauds in April and May were quite 303 different in terms of community structure and SPI values, diatom cell densities and even 304 chlorophyll a concentrations. The decrease of these last estimates in May suggests that 305 pesticide contamination, which only increased slightly from April (average total pesticides: 306 5.7 µg/L) to May (7.5 µg/L), reached a threshold above which the effect became noticeable. 307
As nutrient availability has been shown to mitigate the effects of toxicants (Lozano and Pratt 308 1994), the trophic level is likely to reduce the sensitivity of the biofilms towards xenobiotics, 309 until contamination reaches a critical level. It is difficult to establish whether the increase in 310
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Recovery potential of periphytic communities in a river impacted by a vineyard watershed. . Ecological Indicators, vol. 10, n° 2. p. 419-426. http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6W87-4X30C60-1&_user=5403746&_rdoc=1&_fmt=&_orig=search&_sort=d&_docan Figure 2: Diatom cell densities corresponding to 1-month-old biofilms grown in April (1), in May (2), 2-month-old biofilms (3) and translocated biofilms (4). The letters refer to the different groups defined in Table 2 .
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